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Improved Method for Evaluating Ventriculoatrial Conduction Before
Implantation of Atrial-Sensing Dual Chamber Pacemakers
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ALLAN M. GREENSPAN, MD , FACC, LINDA A. YACONE, RN, CCRN,
LEONARD N. HOROWITZ, MD, FACC
Philadelphia , Pennsylvania
Pacemaker-mediated tachycardia may occur when a
spontaneous ventricular premature depolarization is ret-
rogradely conducted to the atrium with a ventriculo-
atrial (VA) interval that exceeds the atrial refractory pe-
riod of an atrial-sensing dual chamber pacemaker.
Previous methods for evaluating VA conduction have
failed to predict clinical occurrences of pacemaker-me-
diated tachycardia. In this study, maximal VA intervals
after ventricular extrastimuli during atrial or atrioven-
tricular (AV) sequential pacing were compared with in-
tervals measured by the standard method of ventricular
pacing.
VA intervals were 201 :t 53 ms during ventricular
pacing and 224 :t 52 ms after ventricular extrastimuli
Atrial sensing allows a demand pacemaker to respond to
physiologic variations in heart rate (1) . Furthermore, cou-
pling ventricular pacing to atrial sensing with an appropriate
atrioventricular (AV) delay may prevent symptoms asso-
ciated with ventricular pacing, collectively described as the
"pacemaker syndrome" (2-10). However , coupling of ven-
tricular pacing to atrial depolarization may be hazardous
when ventriculoatrial (VA) conduct ion occurs after a ven-
tricular premature depolarization . When a retrograde atrial
depolarization is sensed, a VDO or ODD pacer responds
with another premature ventricular stimulus and , if retro-
grade conduction is consistent , " endless loop" or pace-
maker-mediated tachycardia occurs (II) . Therefore, phys-
iologic pacing is not optimally utilized because the potential
for pacemaker-mediated tachycardia is currently unpredict-
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during atrial pacing (p = NS). VA intervals were
305 ± 77 ms after ventricular extrastimuli during AV
sequential pacing and were longer than VA intervals
during ventricular pacing (p < 0.001) or after ventric-
ular extrastimuli during atrial pacing (p < 0.01).
Thus, the ventricular extrastimulus technique during
AV sequential pacing reveals substantially longer VA
intervals than does ventricular pacing and explains why
pacemaker-mediated tachycardia might occur when
pacemaker atrial refractory periods are designed or pro-
grammed according to VA intervals measured only dur-
ing ventricular pacing.
(J Am Coll Cardiol 1985;5:1395-402)
able (11-22), resulting in reluctance to implant appropriate
devices when clinically indicated or "down-programming"
of previously implanted physiologic pacemakers to simpler
pacing modes (15,18,22).
Development of "atrial refractory periods" for the sens-
ing mechanism, time intervals after ventricular-paced or
-sensed events during which any atrial depolarization is
effectively ignored , has failed to completely prevent pace-
maker-mediated tachycardia . Although it has been recom-
mended that these intervals be selected by measurement of
VA intervals during straight ventricular pacing , clinical
pacemaker-mediated tachycardia is often initiated by a spon-
taneous ventricular premature depolarization during atrial
or AV synchronous pacing (13 ,20) .
The purpose of this study, therefore , was to develop a
more accurate method for measuring the longest VA inter-
vals that could occur during dual chamber physiologic pac-
ing, before implantation of such a device , to define optimal
pacemaker atrial refractory periods . VA intervals after ven-
tricular extrastimuli during AV sequential pacing, which
most closely simulate the clinical electrophysiologic milieu
for pacemaker-mediated tachycardia, were compared with
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Figure 1. Method of measurement of ventriculo-
atrial (VA) conduction intervals. Electrocardio-
graphicleadsI, aVFand VI, intracardiac recordings
from thehighrightatrium (HRA),His bundle (HBE)
and right ventricular apex (RVA) and stimulus ar-
tifacts (s) for the drive cycle are shown. The drive
cyclelength(AA) is 700ms withan atrioventricular
(AV) interval of 120 ms. A vertical plumbline is
drawnthroughthe ventricular extrastimulus artifact
(52)' The VA interval (370 ms) is measured from
the intersection of this line in the high right atrial
electrogram to the first major deflection of the ret-
rograde atrial impulse (Ar ) crossingthe baseline. A
retrograde His depolarization (H) is also noted.
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intervals measured during straight ventricular pacing, the
standard clinical method. In addition, VA intervals after
ventricular extrastimuli during atrial pacing and the effect
of three different drive cycle lengths on retrograde conduc-
tion were compared.
Methods
Study patients. The study sample consisted of 20 pa-
tients, ranging in age from 24 to 77 years (mean 56), who
were referred to the clinical cardiac electrophysiology lab-
oratory for invasive electrophysiologic evaluation and who
demonstrated 1: 1 VA conduction during ventricular pacing
at cycle lengths of 600 and 450 ms. These patients did not
have a tachycardia inducible with single ventricular extra-
stimuli. All patients gave informed consent. There were 17
men and 3 women. The cardiac diagnosis was arterioscle-
rotic cardiovascular disease in 11 patients, cardiomyopathy
in 4, syncope of unknown origin with no known heart dis-
ease in 4 and sarcoidosis in 1. No patient had clinical or
electrophysiologic evidence of accelerated AV nodal con-
duction or an accessory AV pathway. All antiarrhythmic
drugs were discontinued at least four half-lives before the
study. All patients were studied in the postabsorptive state
under mild sedation with diazepam.
Electrophysiologic studies. Three intracardiac elec-
trode catheters were inserted percutaneously by way of the
femoral veins with bupivocaine for local anesthesia. A 6F
quadripolar electrode catheter was fluoroscopically guided
to a stable position in the high atrium in or near the atrial
appendage, where a permanent atrial J lead would optimally
be placed, and another was placed at the right ventricular
apex. A 7F tripolar electrode catheter was positioned at the
AV junction to optimally record a proximal His bundle
potential.
Surface electrocardiographic leads I, aVF and VI as well
as 10 ms time lines were displayed simultaneously along
with the three intracardiac electrograms on a multichannel
oscilloscope (Electronics for Medicine VR-16) and recorded
on magnetic tape (Honeywell model 5600C). Paper record-
ings were made with a precision multichannel ink jet re-
corder (Siemens-Elema) at 100 mmls.
Intracardiac electrical stimulation was performed using
a DTU 101 programmable stimulator (Bloom Associates,
Ltd.). All stimulation was performed at twice late diastolic
threshold with a stimulus amplitude less than 2.0 rnA and
a rectangular waveform 1.0 ms in duration.
Pacing protocol. The ventricular pacing protocol con-
sisted of ventricular pacing at cycle lengths of 800, 700,
600, 500, 450 and 400 ms. Single ventricular extrastimuli
were then delivered after a constant drive train of eight atrial
paced beats by the standard technique for scanning electrical
diastole with 3 s intertrain pauses. The VA interval after each
ventricular extrastimulus (VzAz) was measured. Finally, the
ventricular extrastimulus technique was used to measure VA
conduction during AV sequential pacing with an AV interval
Table 1. Maximal Ventriculoatrial Intervals Measured by Three Methods (n = 20)
Pacing Cycle Length (ms)
Method 600 500 450
Ventricular pacing
YES during atrial pacing
YES during AV sequential pacing
201 (105 to 330)
224 (170 to 370)
305 (170 to 480)
200 (105 to 330)
213 (105 to 290)
280 (190 to 470)
182 (105 to 230)
204 (150 to 300)
286 (2 IO to 440)
All data are presented in milliseconds (ms) as the mean and range (minimal to maximal). AV = atrioven-
tricular; YES = ventricular extrastimulus technique.
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of 120 ms (Fig. 1). The entire atrial and AV sequential
pacing protocols were repeated for each study patient at
pacing cycle lengths of 600, 500 and 400 ms.
Anterograde and retrograde sequences of atrial activa-
tion were distinguished by recording atrial depolarization
from the high right atrium and in the His bundle electrogram
simultaneously. Each VA conduction interval, V IA I for
ventricular pacing and VzAz for the response to ventricular
extrastimuli, was measured from a vertical line through the
ventricular stimulation artifact to the first major atrial de-
flection crossing the isoelectric line of the high right atrial
electrogram (Fig. 1). For each pacing mode and cycle length,
the maximal VA interval measured for each study patient
was used for the calculation of group statistics.
Statistical analysis. Groups were compared using anal-
ysis of variance and a two-tailed paired t test. The Pearson
product-moment correlation coefficient was used to measure
associations between variables.
Results
VA intervals during ventricular pacing (Table 1). VA
intervals during ventricular pacing at different cycle lengths
are shown for an individual patient in Figure 2. In general,
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Figure 2. Measurement of VA intervals during
ventricular pacing. The electrograms are labeled as
in Figure I. Top panel, Despite ventricular capture
by ventricular pacing, no VA conduction is de-
monstrable because the sinus cycle length is less
than the ventricular pacing cycle length. Middle
panel, Ventricular pacing at a shorter cycle length
demonstrates 1: 1 VA conduction in the same pa-
tients with a VA interval of 180 ms. Bottom panel.
Pacing at progressively shorter cycle lengths (450
ms is shown) results in longer VA intervals (260
ms) until 2: I retrograde block occurs during ven-
tricular pacing at a cycle length of 400 ms (bottom).
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the longest ventricular pacing cycle length that permits ven-
tricular capture may not elicit atrial capture because of com-
petition with sinus rhythm in patients who might have 1: 1
VA conduction at shorter ventricular pacing cycle lengths.
Once a pacing cycle length that results in consistent VA
conduction is attained, further shortening of the ventricular
pacing cycle length results in longer VA intervals until a
maximum is achieved before loss of 1: 1 VA conduction.
VA intervals during ventricular pacing ranged from 105
to 330 ms (mean ± SD 201 ± 53 ms) at a cycle length of
600 ms, and 105 to 330 ms (200 ± 60 ms) at a cycle length
of 500 ms. Ventricular pacing at 400 ms resulted in retro-
grade VA block in 50% of patients. For the 10 patients in
whom 1: 1 VA conduction persisted, the mean VA intervals
were 4 ms longer than those measured at 500 ms. Hence,
decreasing the ventricular pacing cycle length from 600 to
400 ms did not result in detection of significantly longer
VA intervals (p = NS).
VA intervals after ventricular extrastimuli during atrial
pacing. Ventricular extrastimuli during atrial pacing at a
cycle length of 600 ms resulted in maximal VzAz intervals
ranging from 170 to 370 ms (mean 219 ± 52), which were
longer than those measured by ventricular pacing in 10 of
18 patients, unchanged in 6 patients and decreased in 2
patients. The mean VzAz interval was 14 ms longer than
the mean V,A, interval during ventricular pacing at any
, , ! , • , , , , , !
Figure 3. Comparison of the VA response with
ventricular extrastimuli during atrial pacing and AV
sequential pacing. The electrograms are labeled as
in Figure I. The top panel demonstrates the longest
VA response to the ventricular extrastimulus tech-
nique during atrial pacing (cycle length = 600 ms).
The other three panels demonstrate the response
to progressively earlier premature ventricular ex-
trastimuli (52) during AV sequential pacing (cycle
length = 600 ms, AV interval = 120 ms). The
lower two panels demonstrate the importance of
scanning electrical diastole until ventricular refrac-
toriness is reached. In the third panel, retrograde
block occurs. However, in the bottom panel a type
II retrograde gap results in a very long VA interval
(3IOms).
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Figure 4. Increasing VA interval with increasing
prematurity of the ventricular extrastimulus during
AV sequential pacing. The electrograms are labeled
as in Figure 1. Each panel shows the last four beats
of AV sequential drive cycles (s) and a programmed
ventricular extrastimulus (Sz). Top panel, After a
ventricular extrastimulus at a coupling interval of
480 rns, the resultant VA interval is 250 ms. Middle
panel, At a coupling interval of 300 ms, the VA
interval increased to 330 ms, primarily because of
retrograde AV nodal delay. Bottom panel, At a
coupling interval of 250 ms, the VA interval in-
creased to 380 ms as a result of infra-His and AV
nodal conduction delay. A repetitive ventricular re-
sponse, probably due to bundle branch reentry, is
also noted.
~
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cycle length (p == NS). As with ventricular pacing, repe-
tition of the protocol at shorter atrial drive cycle lengths of
500 or 400 ms did not generally result in longer V2A2 in-
tervals (means 213 ± 42 and 204 ± 39 ms, respectively),
as compared with V2A2intervals during a drive cycle length
of 600 ms (p == NS).
VA intervals after ventricular extrastimuli during AV
sequential pacing. The longest V2A2 intervals, 170 to 480
ms (mean 304 ± 77), occurred after ventricular extrastimuli
during AV sequential pacing at a cycle length of 600 ms
(Fig. 3 and 4). The maximal VA interval was longer than
that recorded by either of the other methods for each patient,
except for one whose maximal VA interval after a ventric-
ular premature depolarization during atrial pacing or AV
sequential pacing was the same, but longer than by straight
ventricular pacing. The mean V2A2 increment was 102 ±
59 ms as compared with V[AI intervals during ventricular
pacing (p < 0.01) and 85 ± 49 ms as compared with V2A2
intervals after ventricular extrastimuli during atrial pacing
(p < 0.01) (Fig. 5).
Effect of pacing cycle length (Table 1). VA intervals
after ventricular extrastimuli during AV sequential pacing
at a drive cycle length of 500 ms (280 ± 60 ms) were also
significantly longer as compared with either ventricular pac-
ing (200 ± 60 ms, p < 0.01) or ventricular extrastimuli
during atrial pacing (213 ± 42 ms, p = 0.01). Similar
results were obtained at a drive cycle length of 400 mg.
For each pacing mode, maximal VA intervals were in-
dependent of the drive cycle length. In particular, once
maximal VA intervals were measured in response to ven-
tricular extrastimuli during AV sequential pacing at a cycle
length of 600 ms, no further significant increment in VA
intervals was measured during pacing at shorter cycle lengths.
In fact, there was a highly significant correlation between
VA intervals obtained by ventricular extrastimuli during AV
sequential pacing at cycle lengths of 600 or 500 ms (Pear-
son's R == 0.9, p < 0.001).
Discussion
Pacemaker-mediated tachycardia: a byproduct of ad-
vanced pacemaker technology. Physiologic pacemakers
that track spontaneous sinus variations of heart rate and
restore AV synchrony may result in a new type of iatrogenic
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Figure 5. Maximal ventriculoatrial (VA) intervals related to pac-
ing mode. Maximal VA intervals were determined by three meth-
ods at a basic drive cycle length of 600 ms. Each dot represents
a measurement for a single patient. The VA interval after ven-
tricularextrastimuli during atrial pacing (AP + YES) was longer
thanduringventricular pacing(VP)in 10of 18patients, unchanged
in 6 and shorter in 2 (data pointsconnected by broken lines). The
mean VA interval after ventricular extrastimuli during AV se-
quentialpacing (AVSP + YES) was 305 ms, significantly longer
than that measured by eitherof the other methods. Theseintervals
werelongerthanduringventricular pacingforeachpatientstudied,
and longer than during ventricular stimuli during atrial pacing for
all except one patient in whom the intervals were equal.
tachycardia. An otherwise benign premature atrial depolar-
ization may utilize the pacemaker generator and lead in a
manner analogous to anterograde conduction over aft. ac-
cessory AV pathway to trigger a paced premature ventricular
depolarization at a coupling interval very close to the pre-
vious QRS complex (spontaneous or paced) (17,18). If ill-
timed, ventricular tachycardia may result. Triggering atrial
impulses often result from spontaneous ventricular prema-
ture depolarizations retrogradely conducted over the normal
AV conduction system (23). In such cases an "endless
loop" or pacemaker-mediated tachycardia may result.
Current clinical approach. The two available ap-
proaches to this problem, pacemaker upper rate limits and
pacemaker atrial refractory periods, are interdependent. A
long atrial refractory period limits the maximal tracking rate.
Hence, the atrial refractory period must be long enough to
prevent detection of the latest retrograde atrial impulses,
but not so long as to seriously limit the ability to track
physiologic variations in sinus rate.
The common clinical approach has been to select atrial
refractory periods according to VA intervals measured dur-
ing ventricular pacing. However, clinical occurrences of
pacemaker-mediated tachycardia are not accurately pre-
dicted by this technique (19,21), presumably because the
appropriate electrophysiologic milieu is not adequately
mimicked. Therefore, we evaluated VA conduction under
those conditions most likely to occur spontaneously during
dual chamber pacing.
Previous evaluation of VA conduction. The mean VA
intervals measured during straight ventricular pacing in this
study are similar to those previously reported (Table 2)
(6,13,15,18,19,22,24-26). Longer VA intervals after ven-
tricular extrastimuli than during ventricular pacing have been
reported previously (27).
In a phenomenologic study of the effect of AV sequential
pacing on VA conduction by Mahmud et a1. (28), AV in-
tervals were manipulated to maximize AV nodal collision
of stimulated atrial and ventricular impulses. Although a
variety of interesting effects on VA conduction resulted,
including apparent facilitation, the programmed AV inter-
vals were often much shorter than those clinically utilized
or programmable in available pacemakers (0 to 30 ms), and
the clinical application of these results is uncertain.
Longer VA intervals after ventricular extrastimuli
during AV sequential pacing, In this study, maximal VA
intervals after ventricular extrastimuli during AV sequential
pacing were compared with VA intervals during ventricular
pacing. The programmed AV interval was within the phys-
iologic range and the same for all study patients. The re-
sultant VA intervals increased greatly, so that the retrograde
atrial depolarizations exceeded the time interval predicted
by straight ventricular pacing alone. Thus, pacemaker atrial
refractory periods based on ventricular pacing alone are too
short and may be exceeded by VA intervals after retro-
gradely conducted ventricular premature impulses, thereby
satisfying the first prerequisite for pacemaker-mediated
tachycardia.
Clinical implications. Before implantation of an atrial-
sensing pacemaker, the presence or absence of VA con-
duction is best determined by ventricular pacing at several
cycle lengths, from the longest cycle length that captures
the ventricles consistently to a cycle length of 400 ms. If
VA conduction is present, maximal VA intervals should be
determined by the programmed ventricular extrastimulus
technique during AV sequential pacing at a cycle length of
600 ms. An implantable device with an appropriate atrial
AVSP
+
VES
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+
VES
p<o.OI
VP
300-
400
500
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(msec)
100
JACC Vol. 5, No.6
June 1985:1395-402
WEBB ET AL.
EVALUATION OF VACONDUCTION
Table 2. Measurements of Ventriculoatrial (VA) Intervals (previous studies)
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References Method
No. of
Patients
VA Interval (ms)
Range Mean ± SD
Akhtar (26)
Arnikam (22)
Broadbent (15)
Hayes (23)
Littleford (19)
Nishimura (6)
Rubin (18)
Tolentino (13)
Total
Average
A. VA Intervals Measured by Ventricular Pacing
A 39 176
B 1 240
B I 180
A 24 110 to 380 235 ± 50
A 17 150 to 500 254 ± 78
B 23 200
A 8 180 to 280 229 ± 34
B 1 280
114
110 to 500 210
B. VA Intervals Measured After Spontaneous Ventricular Premature Depolarizations
Kistin (25)
Tolentino (13)
C
D
13
I
150 to 290 222 ± 44
280
A = recording of atrial electrogram during ventricular pacing; B = recording of electrocardiogram during
ventricular pacing; C = VA intervals measured from an esophageal electrogram recorded after spontaneous
ventricular premature depolarizations; D = VA intervals measured from surface electrocardiogram after spon-
taneous ventricular premature depolarizations.
refractory period may be chosen, or the optimal atrial re-
fractory periods or upper rate limits, or both, can be selected
for a programmable device to avoid pacemaker-mediated
tachycardia. For patients who present with pacemaker-me-
diated tachycardia due to a previously implanted dual cham-
ber pacemaker, these measurements will be useful in re-
programming the implanted device, choosing another pulse
generator with a longer atrial refractory period or, on rare
occasions, deciding that VDD or DDD pacing may not be
feasible for a particular patient.
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